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(67) A helmet-mounted display eg for •Virtual reality" has two back-lit liquid crystal displays 30 and 30' and collimatlng 
lenses 23 and 23' mounted towards the tear of the head which produce coillmaled beams of light A pdr of reflectors 24 and 
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be used for mono-vision. 
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TTF.AB-MOTJNTKD DISPLAY APPARATUS 
Hus invention relates to head-mounted display apparatus. 

Head-mounted displays have been used to present an image to the wearer in his 
line-of-sigfat Such apparatus may take the form of a pair of goggles containing the 
display. Alternatively, the display may, for example^ be mounted behind or to one ade of 
the wearer's head and an image directed in fiont of the eyes by a system of lenses. 

Previous apparatus have disadvantages. They tend to be bulky and heavy, because 
of the optical system used to direct li^t fiom the display to the eyes. They also tend to be 
expensive. Where the apparatus is to be worn for long periods, such as by aircraft pilots, 
it is a great advantage for the weight of the apparatus to be nunimized. Recently, head- 
mounted displays have been proposed for virtual world appUcations where the wearer is 
presented wth a computer-generated image of an environment within which he may move. 
It would be a conadoable advantage for the cost of head-mounted display apparatus to be 
reduced in onierto be able to exploit fuDy the potential market for vtftual world 

applications. 

AccordiB(g to one aspect of the present invention there is provided head-mounted 
display apparatus for presenting an image in tiie lineof-sight of the wearer of the 
apparatus, the display including a ligjit-emitting displ^ unit, means for collimating ligjit 
emitted by the unit mto a beam directed forwardly across the top of tiie head of the wearer 
onto a first reflector indined from the vertical, the first reflector being arranged to direct 
the beam of li^ downwardly onto a second reflector mounted in tiie line-of-sigjit of the 
wearer, and \vberem the second reflector is arranged to reflect the beam of radiation mto 
the line-of-ag^t of the wearra-. 



The apparatus preferably includes an additional reflector mounted adjacent the 
collimating means, the additional coUimating means bemg arranged to reflect the 
collimated beam of light generally horizontally to the first reflector. The second reflector 
is preferably senu-transparent so that the wearer can view the external scene through the 
second reflector with an unage fi:om the display superimposed on the external scene. The 
apparatus may be mounted m a hehnet, the second reflector being prodded by a visor of 
the helmet The apparatus pref^ly mcludes a pair of display miits and a pdr of second 
reflectors, each display unit bemg arranged to provide aii image for viewing by respective 
eyes of the wearer. The display imit may include a liquid crystal display which may be a 
back-lit liquid crystal display. 

Helmet-moimted display apparatus m accordance with the present mvention, will 
now be described, by way of example, with reference to the accompanying drawings, in 
which: 

Hguie 1 is a sectional i^de elevation of tiie apparatus, 
Bgure2 is a front elevation view ofthe apparatus; and 



Figure 3 is a cut away plan ^ew of the apparatus. 



The display apparatus comprises a helmet 1 contaimng an optical q^stem 2 and a 
display unit 3 which is connected to a processor 4 via a flexible cable 5. 

The helmet 1 has an outer shell 10 of a protective, light-proof material which is 
supported on the wearer's head by conventional padded, shock-absorbmg inner linw 11 
whidi spaces the shell above the head of the wearer. 

The display unit 3 has two muW-colour flat displays 30 and 3 1 which may take the 
form of back-lit liquid crystal displays such as of the kind described in GB 2254724. The 
displ^ 30 and 30' are mounted side-by-ade at the rear of the hehnet 1 and are inclined 
fi-om the horizontal at an angle a of about 45 degrees. The displays 30 and 30' are driven 
by agnals from a drive dectromcs unit 32 which is also mounted wtlun the hehnet and to 
whidi the cable 5 is connected. Bofli displays 30 and 30' are driven by the processor 4 to 
generate Afferent display representations for the left and right eye respectively. 

The optical system 2 is di^aded into two paralld channds 20 and 20' (Figure 3) to 
provide an optical path between eadi disphqr 30 and 30* and the respective ^e. The lefl:- 
hand channd 20 conqmses a coffimator 23 fbnned by an achromatic pak of lenses whidi is 
located directiy fiont of the display 30. This produces a paralld beam of light directed at 
an ai^e of 45 degrees to the hori2ontal, forwardly and upwardly ov«- the wearer's head. 
The beam of light is inddent on a first minor 24 vMoh is a plane nurror of rectangular 
shape mcHned at an angle 9 of about 22 degrees to the horizontal so that the beam of light 
is reflected forwardly over the head of the wearo- genially horizontally. The optical 
system 2 also includes a second plane mirror 25 mounted at the front, top of the hehnet 1 
and inclined at an angle y of about 45 degrees to the horizontaL The action of this mirror 
25 is, tiierefore, to direct the beam of light vertically downwards. The final component m 
the optical system 2 is a third reflector 26 provided by a part of a visor 27 which is semi- 
transparent The visor 27 is supported by the hehnet 1 at opposite sides so tiiat it can be 



swung up out of the line-of-sight, or down into the position shown in the drawings. The 
visor 27 need not be plane over its entire surfece, providing that it has flat re^ons which 
are located directly m front of the eyes of the wearer and incKned at 45 degrees from the 
horizontal when the visor is m the down poafioa The mclination of the visor 27 is such 
that, when it is down, its lower edge is closer to the wearer's head than the upper edge. 
The visor 27 is located directly beneath the second mirror 25 so that light from the second 
mirror is mcident directly on the visor without the mteipoatiott of any other optical 
element The inclination of the visor 27 is sudi that the beam of light is reflected 
horizontal, rearwardly into the line-of-sigiht of the left eye of the wearer. The wearer will, 
therefore, see an image at infiiuty ofihe display representation on the display 30. 

The right-hand diannel 20' of the optical system 2 contains the same elements as - 
the left-hand channel 20 and is arranged to direct an unage of the rigjit-hand display 30* 
into the line-of-sight of the right eye. In this way, a stereoscopic, or 3-D, display 
representation can be presented to the user. 

The send-transparcnt nature of the ^osor 27 enables tiie wearer to view the external 
seme tfarou^ the visor, the display representation bdng supoimposed on this, 
altemativdy, such as for virtual worid applications, the visor need not be transparent, the 
wearer only being able to see the dsplay representation and not tiie eTctemal scene. 

The hnage presented to the wears- tasy be changed, m a known way, accordmg to 
the orientation of the hehnet so that, for example, \rfien the wearer looks up, the display 
provides a smtable representation of the sky, or of an image to be siq>erinq)osed on the 
sky. In this respect, a hehnet position sensor 40 may supply signals to the processor 4 in 
response to the helmet orientation so as to control the generation of appropriate display 
representations. 



The minors 24, 24' 25, 25', 26' and le are conventional metallized glass plates but 
could be provided by other forms of reflector. In particular, the reflective areas 26 and 26' 
on the visor 27 could be fonned by holographic elements which are selected to have an 
angle of reflection that is smaller than the angle of incidence so that the visor can be 
inclined closer to the vertical This has the advantages that it enables the field of view in 
elevation to be mcreased and it may reduce the risk of the visor causmg mjury to the 
wearer in an accident 

The apparatus need not have two separate displays if a stereoscopic presentation's 
not required. Instead, a single display could provide an image in the line^f- aght of both 
eyes. The use of a flat panel display has advantages of robustness and low weight but 
alternative displays, suchasaCRT could beused. Insteadofcontaming the apparatus in a 
helmet, it would be mounted on a framework supported by a head band. 

The arrangement of the present invention has the advantages that it enables a 
relatively wide fidd of view to be achieved with a low number of optical components. It 
can have a low weight, be robust and its simpHdiy enables it to be made at rel^ 

cost 



CLAIMS 



Head-mounted display apparatus for presenting an image in the line-of- 
sight of the wearer of the apparatus, wherein the display includes a ligjit- 
emittmg displ^unit, means for collimating ligjrt emitted by the unit into a 
beam <Urected forwardly across the top of the head of the wearer onto a 
jSret reflector incfined from the vertical, \^erdn the first reflector is 
arranged to direct the beam of light downwardly onto a second reflector 
mounted in the line-of-sight of the wearer, and v*erein the second 
reflector is arranged to reflect the beam of radiation into the line-of-si^t 
of the wearer. 

Head-moimted display apparatus accordmg to Claun 1, including an 
additional reflector mounted adjacent the collimating means, and wherem 
the additional reflecto r is arranged to reflect the collimated beam of light 
genially hoiizontaliy to the first reflector. 

Head-mounted displ^ apparatus, i^dierdn the second reflector is send- 
transparent so that the wearer can view the external scene through the 
second reflectorwth an hnage fipom the display superimposed on the 
e)ctemal scene. 

Head-mounted dsplay apparatus accordmg to any one of the precedmg 
claims, wh^^ the apparatus is moimted in ahdmet, and wherdn the 
second reflector is provided by a visor of the hdmet 
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5. Head-mounted display apparatus according to wy one of the preceding 
claims, including a pair of display units and a pdr of second reflectors, and 
wherein each display unit is arranged to provide an image for A^ewng by 
respective eyes of the wearer. 

6. Head-moxmted display apparatus according to any one of the preceding 
claims, wherein the or each display unit includes a liquid crystal display. 

7^ Head-mounted display apparatus according to Claim 6, wherein the or 

each display unit includes a back-lit liquid crystal <£splay. 

8. Head-moxmted disphy apparatus substantially as hereinbefore described 

with reference to the accompanying drawings. 



9. 



Any novd feature or combiination of features as herdnbefore desaibed. 
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